They reported a series of 31 children with urodynamically demonstrated bladder instability unresponsive to conservative management in whom imaging examination (plain film and computed tomography myelography) showed osseous spina bifida occulta, but a conus in normal position. Because the clinical findings of neurogenic bladder dysfunction were similar to those in patients with the usual tethered cord syndrome, characterized by the conus in an abnormally low position, a tentative diagnosis of tethered cord syndrome was entertained. The fila were cut, and significant postoperative resolution of urological symptoms occurred in 70% of the patients. There have followed a number of reports of clinical series of children with findings suggestive of a tethered cord syndrome, but in whom the conus was found on neuroimaging to be in a normal position. In those children, section of the terminal filum resulted in improvement in the clinical findings. 18, 33, 34 In almost all cases, the primary clinical abnormality has been refractory urinary incontinence, which has been considered neurogenic in origin. In some series, surgical intervention has been considered only when there have been additional manifestations of occult spinal dysraphism, such as a cutaneous abnormality and/or the filum being found on magnetic resonance images to be thicker than the normal 2 mm and to exhibit a signal consistent with fat-a so-called fatty filum. 33, 34 In other series, however, the presence of persistent bladder dysfunction per se, based on clinical and/or urodynamic assessments, has been enough to justify surgical section of the filum. 16, 18, 23, 24, 35 In the studies under discussion, the rate of improvement for urinary symptoms has varied from 60% 24 to as high as 97% 18, 35 (Table 1) . Thus far, the reports of beneficial effects of filum sec- Section of the terminal filum for occult tethered cord syndrome: toward a scientific answer tion in children with OTCS and urinary incontinence are either anecdotal or case series, and there is no good scientific evidence that cutting the filum in such children is beneficial. Part of the difficulty of drawing conclusions from the reported case series is the fact that urinary incontinence in the school-age child is common, and most-but not all-cases resolve spontaneously, showing gradual improvement over time. 22 The pathophysiology of OTCS, in which there is no anatomical evidence of a low-lying conus and in which the terminal filum is often normal, is difficult to understand, and the indications for section of the filum in this context has been controversial. 20 If OTCS exists as a distinct entity, one has to postulate that the conus can be tethered by the filum and still be in a normal location. One might argue that the conus could be slightly lower than it otherwise would have been had it not been tethered and still be located normally. Whatever the location of the termination of the conus, one would expect that the filum would have to be less elastic than normal in order to pull on the conus abnormally. This possibility is supported by two studies in which histopathological examinations of the fila from patients with OTCS showed excess fibrous tissue and fat compared with normal fila. 25, 26 A recent survey of pediatric neurosurgeons done in December 2005 was revealing in this regard. 27 When presented with a child with neurogenic urinary incontinence documented by urodynamic testing, a low-lying conus, and a thickened fatty filum, more than 90% of neurosurgeons attending a pediatric neurosurgical conference agreed that such a patient had cord tethering and said they would recommend section of the filum. On the other hand, when presented with a patient with the identical history, but with a normal conus and filum, the same respondents had major disagreements as to whether the spinal cord could be tethered in this situation and whether or not section of the filum should be recommended in patients fitting the criteria of OTCS.
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Randomized Controlled Trial
In the light of the ongoing controversy, it was thought that a randomized controlled clinical trial was required to provide scientific evidence about the value of surgical sectioning of the filum in children with OTCS who presented with a primary symptom of urinary incontinence. With that in mind, a working group comprising pediatric neurosurgeons, urologists, neuroradiologists, and clinical epidemiologists convened in Vancouver, British Columbia in February 2004. The result of this meeting was a draft proposal for a multicenter, randomized, controlled clinical study to compare the regimen of symptomatic medical treatment only with a regimen of surgical section of the terminal filum plus symptomatic medical treatment in children with neurogenic urinary incontinence as part of a suspected OTCS.
The members of the working group believed that such a study would be of major clinical importance. Urinary incontinence in the school-age child is a common problem, with a prevalence of 8 to 16%. 1, 29, 30 The prevalence decreases with increasing age, 6, 22, 30, 38 but urinary incontinence may persist into adulthood. The incidence of urinary incontinence in young, healthy patients is surprisingly high, and females are more affected than males. In a study of 4200 healthy nursing students 17 to 25 years of age, a 51% incidence of intermittent episodes of incontinence was reported, with 16% of the participants having major or regular urine loss. 36 In a recent study, 26% of Japanese women under 30 years of age and 40% over 40 years had urinary incontinence. 8 Incontinence in males younger than 30 years of age is reported to range from 6 to 10 %. 4, 5, 12, 31 In a study of 20,000 patients older than 5 years of age in a general medical practice, 27.6% of girls and women and 10.8% of boys and men surveyed reported urinary incontinence. 31 More than 15% of girls and women and more than 3% of boys and men from each decade of life were affected. Interestingly, incontinence was noted in the practice records of fewer than 0.1% of these patients. 31 Similarly, in the Japanese study mentioned above, only 4% of women with incontinence discussed the symptom with their physicians, with the major reasons cited being shame and resignation. 8 Patients tend not to discuss the issue of incontinence because of embarrassment and low expectations for treatment, even though it may have a profound impact on their quality of life. 10 The presence of such a high prevalence of idiopathic urinary incontinence in the young, adult population leads one to question whether persistence or exacerbation of childhood incontinence is more common than usually thought. Furthermore, whether this incontinence is a major health problem or a normal state of being is routinely debated amongst urologists.
Attesting to the importance of the problem of childhood urinary incontinence, as reported in a systematic review by Sureshkumar et al. 28 in 2003, there have been several prior randomized controlled trials on the treatment of childhood daytime urinary incontinence investigating the efficacy of tolterodine (two studies), daytime alarms (one study), imipramine (one study), and biofeedback/oxybutinin (one study). All of these prior studies, which evaluated various forms of medical treatments, have had negative results. 28 The results of a randomized controlled study evaluating section of the filum terminale would determine if section of the filum was any better than the natural history in improving urinary incontinence in a defined population of children. If the results of the study are negative, the findings should limit the expansion of this procedure for what is a very common problem. If the study results are positive, the study would validate a treatment that has the potential to benefit many children and possibly many adults who have accepted their urinary incontinence as an untreatable disorder.
After some modifications of the initial proposal, a pilot randomized controlled trial at three centers in Canada (Vancouver, Ottawa, and Toronto) was funded by the British Columbia Medical Services Foundation, and patient accrual into this study started in July 2006. The hypothesis for the study is that surgical section of the terminal filum, when added to standard medical therapy, will result in a reliable and clinically significant improvement in urinary incontinence compared with the results of standard medical therapy over a 12-month period.
The target population of this study is children who are between 5 and 18 years of age, have primary or secondary daytime urinary incontinence, and whose symptoms have not improved adequately despite compliance with 12 P. Steinbok and A. E. MacNeily months of standard medical therapy under the supervision of a urologist. Children must have abnormal results of urodynamic testing performed in a standardized manner. There have to be a minimum of two of the following abnormalities: 1) abnormally low total bladder volume normalized for age; 2) abnormal bladder compliance (excessive pressure volume characteristics); 3) involuntary detrusor overactivity as determined by the pediatric urologist performing the study; and 4) abnormal bladder sensation with the volume at first sensation less than 50% of expected total bladder capacity for age. Patients are excluded if they have any of the following: anatomical lower urinary tract outflow obstruction demonstrated on a voiding cystourethrogram and/or cystoscopic examination; an alternative diagnosis recognized as associated with neurogenic bladder dysfunction such as myelomeningocele, lipomyelomeningocele, or other spinal dysraphic state, spinal cord injury, or cerebral palsy or other traumatic brain injury; congenital anorectal malformations including imperforate anus; or urodynamic evidence of an atonic bladder, as evidenced by bladder capacity of greater than 125% of expected volume.
The most important neuroimaging inclusion criterion is a normal position of the conus medullaris, defined as the tip of the conus medullaris being located above the inferior L-2 endplate. Patients can be included in the study irrespective of the thickness of the filum, the presence of fat in the filum, a lumbar or sacral bifid spine, or a terminal syringomyelia. It was the opinion of the group members that in the presence of a normally positioned conus the significance of these other imaging findings usually associated with a tethered spinal cord was uncertain. 2, 19, 32 Nevertheless, because a thickened fatty filum could act as a confounding factor in the results, the plan is to stratify the sample based on the presence of imaging evidence of fat or thickening in the terminal filum. Patients are excluded if they have recognized spinal dysraphic states, including lipomyelomeningocele, myelomeningocele, meningocele, dermal sinus tract, split cord malformation, or caudal regression syndromes or if they have any other specific spinal cord abnormality or malformation that would readily explain the patient's symptoms (for example, a tumor).
One of the most contentious issues in planning this study was the choice of a suitable primary outcome measure. Ideally, the outcome measure should assess the extent of urinary incontinence, which is what the treatment was designed to improve and what the majority of patients and/or their parents are concerned about. Unfortunately, there was no such outcome measure available at the time this was discussed in detail at the Vancouver workshop. As a result, a urodynamic summary score, based on measurements of bladder volume, compliance, detrusor activity, and bladder sensation, was developed as the primary outcome. The urodynamic summary score is a modification, based on the opinion of the urological experts, of a similar recently published score that was found to change responsively after tethered cord release in patients with documented spinal dysraphism. 17 The modified urodynamic summary score has been found to have excellent inter-and intrarater reliability. 15 More recently, a validated enuresis-specific quality-of-life scale has been added as a second and probably more important primary outcome measure. 13, 14 A number of secondary outcomes are being assessed. These include the Dysfunctional Voiding Symptom Score, Section of the terminal filum 3 
Conclusions
Much progress has been made in attempting to obtain a scientific answer to whether or not section of the terminal filum as a treatment for refractory urinary incontinence in children with presumed OTCS is effective. A pilot randomized controlled trial commenced in 2006, and the plan is to expand this trial into a definitive clinical trial. A scientific answer may not be available until these randomized controlled trials are completed.
